The 20/80 law is a heuristic law that has evolved over the years into the following rule of thumb for many populations: 20% of the population accounts for 80% of the total value. This law states quantitatively that often a relatively small portion of a population accounts for most of the total value of the population. This principle is certainly applicable in the case of conventional oil and nonassociated-gas resources in the United States where the few largest plays have an overwhelming amount of the total resources.
INTRODUCTION
Vilfredo Pareto (1848 Pareto ( -1923 , an Italian engineer turned economist and sociologist, was a pioneer in econometrics, applying the statistical methods of the physical sciences to the social sciences. Pareto discovered that, generally, a relatively small portion of a population accounts for most of the total value of the population. That is, in any set of elements, the critical elements usually constitute a minority of the set (Douglass and Douglass, 1993 ). Pareto's principle is certainly applicable in the case of technically recoverable petroleum resources in oil and nonassociated-gas (conventional) plays in the United States, where the few largest plays have an overwhelming amount of the total resources (Gautier and others, 1995; U.S. Geological Survey National Oil and Gas Resource Assessment Team, 1995) .
As originally proposed, Pareto's law (Pareto, 1897; Turla and Hawkins, 1983) was an empirical relation describing the distribution of income among the population of a country; viz., 20 percent of the people in Italy owned 80 percent of the wealth.
From this principle, the heuristic "20/80 law" has evolved over the years into the following simple rule of thumb, which is applicable to many populations:
20% of the population accounts for 80% of the total value.
Numerous applications of this law exist in the management sciences. For example, 20% of the customers account for 80% of the sales; 20% of the employees account for 80% of the work; and, 20% of the components account for 80% of the cost.
The principle is observed in other disciplines as well. The objective of the present paper is to generalize "the 20/80 law" using the lognormal distribution and apply the generalization to data on oil and nonassociated-gas resources to obtain for each: pi00% of the plays account for #100% (q is a function of p) of the total resources of the plays. Fractal lognormal percentage theory is developed first; the oil data are analyzed next; and, finally, the theory is applied to the nonassociated-gas data.
FRACTAL LOGNORMAL PERCENTAGE THEORY
The material of this section was first presented in and is reproduced here for completeness.
THE />100/0100 LAW IN STATISTICAL FORM
Consider a population of N values for a random variable X arranged in increasing order of magnitude:
The total value of the population is: N Given a proportion p (0 < p < 1) of largest values of the population, the partial sum of the p 100% of largest values of the population is: N where [ ] is the greatest integer value function.
Let the proportion of the total value of the population accounted for by /?100% of the population be given by q (0 < q < 1), where the statistic q is defined as:
An alternative form is: N N Summarizing, /? is a proportion (or fraction) of the population, and p 100% is a percentage of the population; whereas, q is a proportion (or fraction) of the total value, #100% is a percentage of the total value, and p 100% of the population accounts for #100% of the total value.
THEplOO/0100 LAW IN PROBABILISTIC FORM
Given a population of values of a random variable X having a probability distribution that models the population distribution, then p 100% of the population values account for #100% of the total value, where the parameter q is called the proportion of total value and defined in terms of conditional expectation, E(X\-), as follows. 
E(X) ^
with p -P(X > Xp) and xp is called the p 100th fractile.
Various probability distributions could be used as models for the population distribution. We will consider the lognormal probability distribution. The percentage theory based on the Pareto distribution has been developed and applied to petroleum field size data .
THE LOGNORMAL PROBABILITY DISTRIBUTION
The lognormal distribution is discussed in detail in Aitchison and Brown (1957) , Johnson and others (1994) , and Crow and Shimizu (1988) . A nonnegative random variable X has a lognormal distribution if the random variable Y = In X has a normal distribution.
The lognormal probability density function of X is ,.s2
1 exp 2a
where a > 0 is a shape parameter and |i is a scale parameter (Law and Kelton, 1991, p. 337 ).
The expected value or mean of X is
The variance of X is
The scale parameter |i and the shape parameter a of the lognormal distribution are computed from the following formulas:
The following notation will be used throughout the remainder of the paper:
X ~ lognormal (shape parameter a, scale parameter |i), where the symbol ~ is read "is distributed as."
THE LOGNORMAL DISTRIBUTION HAS A FRACTAL PROPERTY
If X ~ lognormal (shape parameter o, scale parameter fi), let
The fractal property of X under a positive multiplicative constant results in:
X' ~ lognormal (shape parameter o, scale parameter fi + In c ).
Note that the distributions of X and X' are identical (with the same shape parameter) except for scale. A probabilistic fractal is a probability distribution that is invariant except for scale (scale invariant or self-similar) under a given transformation (Mandelbrot, 1983, p. 343) . Under a positive multiplicative constant, the lognormal distribution remains a lognormal distribution with fixed o and changed [I.
THE/?100/0100 LAW IN LOGNORMAL FORM
Consider the p lOO/^lOO law in probabilistic form when the population distribution is modeled as a lognormal distribution; i.e.,
when X ~ lognormal (shape parameter a, scale parameter fi).
Recall that the expected value of X is It can be shown (Johnson and others, 1994) that the conditional expectation is given by
where R denotes the complementary cumulative distribution function of a standard normal random variable Z, i.e., R(z) = P(Z > z) .
We define the following notation:
where zp is called the/? 100th fractile of Z. Observe that if p » 0 , then q -» 0 , and if p -» 1 , then q -» 1 .Thus we define q = 0 if p = 0, and # = 1 if p = l.The special case when/? = 0.5 and zp = 0 yields
The parameter # has the very remarkable property of being scale-free; i.e., q does not depend upon the scale parameter (i. Because the parameter q is scale-free, q stays the same for all lognormal distributions with the same shape parameter a, as in the case of the fractal property of the lognormal distribution under a positive multiplicative constant. Because it is scale invariant, the proportion q can be considered to be a parametric fractal.
The proportion q of the pi 00/#100 law in statistical form is called the statistic q, in probabilistic form it is called the parameter q, and in lognormal form it is called the lognormal q.
OIL AND NONASSOCIATED-GAS DATA The U.S. Geological Survey periodically makes appraisals of the oil and gas resources of the Nation. In its 1995 National Assessment (Gautier and others, 1995; U.S. Geological Survey National Oil and Gas Resource Assessment Team, 1995) , the onshore areas and adjoining State waters of the Nation were assessed. The basic assessment unit was the play.
A conventional accumulation of the 1995 National Assessment is one in which oil or gas is trapped as a discrete deposit (field) that is usually bounded by a downdip water contact. A conventional play is a set of known and (or) postulated conventional accumulations sharing similar geologic, geographic, and temporal properties. Conventional plays were assessed as described by .
For purposes of this report, terms such as oil resources, oil data, and oil plays refer to conventional oil plays of the 1995 National Assessment; terms involving nonassociated-gas refer to conventional nonassociated-gas plays of the 1995 National Assessment. An accumulation with a gas-oil ratio in excess of 20,000 is considered a nonassociated-gas accumulation.
As part of the 1995 National Assessment, 274 conventional oil plays were assessed. Estimates of mean, undiscovered, technically recoverable resources for these plays total 30.25 billion barrels of oil (U.S. Geological Survey National Oil and Gas Resource Assessment Team, 1995) . The mean, undiscovered, technically recoverable oil resources estimated for each of the 274 conventional oil plays constitute the data set used in the following section on Application of Theory to Conventional Oil Resources.
Estimates of mean, undiscovered, technically recoverable resources for the 239 conventional nonassociated-gas plays assessed as part of the 1995 National Assessment total 258.69 trillion cubic feet of gas (U.S. Geological Survey National Oil and Gas Resource Assessment Team, 1995) . The mean, undiscovered, technically recoverable gas resources estimated for each of the 239 conventional nonassociated-gas plays constitute the data set used in the section on Application of Theory to Conventional Nonassociated-Gas Resources.
APPLICATION OF THEORY TO CONVENTIONAL OIL RESOURCES
The fractal lognormal percentage theory is applied in this section to the oil data. This new probabilistic methodology for percentage assessment lends itself as an ideal spreadsheet software application.
A frequency distribution of the 274 oil plays (in million barrels mean oil) is displayed in Figure 1 . Because the plotted random variable is the logarithm of mean oil, Ln (million barrels mean oil), the bell-shaped distribution suggests that the oil resources are approximately distributed as a lognormal distribution.
Spreadsheet software was used to make various calculations involving the oil data. Table 1 is a spreadsheet with 274 rows corresponding to the 274 oil plays. Each oil play of Table 1 is identified by the play number that was used in the 1995 National Assessment (Gautier and others, 1995) . The data are listed and several calculations are made, including those necessary for the statistic q. The lognormal parameters were computed: scale parameter \i = 3.3669 and shape parameter o = 1.4559. Table 2 is a spreadsheet of the calculations from the oil data that are necessary for the lognormal q as a function of various values of p. The formula for the lognormal q in the case of the oil data is the following:
Therefore, for any specified value of p, we can obtain: plOO% of the oil plays account for #100% of the total oil resources of the plays. The fractal lognormal percentage assessment of conventional oil resources is summarized in Table 3 . The corresponding graph of the summary is given in Figure  2 .
Note that in Table 3 and Figure 2 , the theoretical percentages of total oil resources using the lognormal q are extremely close to the empirical percentages from the oil data using the statistic q. For example, 20% of the 274 oil plays account for 73.05% of the total oil resources of the plays if we use the lognormal q, or for 75.52% if we use the statistic q. Plays presumably vary in their degree of heterogeneity, and this can be quantitatively captured by this method. The method also forms a basis for comparing plays of different geologic styles, and similar geologic styles. Table 3 .
APPLICATION OF THEORY TO CONVENTIONAL NONASSOCIATED-GAS RESOURCES
The fractal lognormal percentage theory is applied here to the nonassociated-gas data. A frequency distribution of the 239 nonassociated-gas plays (in billion cubic feet mean gas) is displayed in Figure 3 . Because the plotted random variable is the logarithm of mean gas, Ln (billion cubic feet mean gas), the bell-shaped distribution suggests that the nonassociated-gas resources are approximately distributed as a lognormal distribution. Table 4 is a spreadsheet with 239 rows corresponding to the 239 nonassociated-gas plays. Each gas play of Table 4 is identified by the play number that was used in the 1995 National Assessment (Gautier and others, 1995) . The data are listed and several calculations are made, including those necessary for the statistic #. The lognormal parameters were computed: scale parameter (4, = 5.3584 and shape parameter a = 1.5582. Table 5 is a spreadsheet of the calculations from the nonassociated-gas data that are necessary for the lognormal q as a function of various values of p. The formula for the lognormal q in the case of the nonassociated-gas data is the following:
The fractal lognormal percentage assessment of conventional nonassociated-gas resources is summarized in Table 6 . The corresponding graph of the summary is given in Figure 4 .
Note that in Table 6 and Figure 4 , the theoretical percentages of total nonassociated-gas resources using the lognormal q are extremely close to the empirical percentages from the nonassociated-gas data using the statistic q. For example, 20% of the 239 nonassociated-gas plays account for 76.32% of the total nonassociated-gas resources of the plays if we use the lognormal q, or for 78.87% if we use the statistic q.
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